The conversion of bacteria and fungi to osmotically fragile forms has led to a new parameter in the study of antibiotic compounds. Shockman and Lampen (1962) , using protoplasts and cells of bacteria and yeasts, were able to show that yeast and bacterial cell walls do not appear to play a major role in determining relative antibiotic susceptibility by blocking internal receptor sites. Hancock and Fitz-James (1964) were able to distinguish between the sites of action of some antibiotics by use of protoplasts.
This report deals with the use of protoplasts to obtain information on the mechanism of action of synthetic steroids and their interactions with several antagonistic substances.
MATERIALS AND METHODS
Test culture. A departmental strain of Sarcina lutea (UMDS) was grown at 25 C and maintained at 4 C on slants of Blood Agar Base supplemented with 0.03% yeast extract.
Test compounds and reagents. The six experi-I Present address: State Department of Public Health, Berkeley, Calif. mental synthetic steroids (Table 1) were obtained from Norman J. Doorenbos of the Department of Pharmaceutical Chemistry, University of Maryland School of Pharmacy. In previous publications, the steroids have been prefixed with the letters ND. The structures of these compounds and their preparation for microbiological testing have been reported Doorenbos, 1963a, 1964 (Table 2 ). Steroid 354, dequadin acetate, and sodium deoxycholate were inactive. Steroid 354 is the least soluble in aqueous solution, which could help account for its lack of lytic action. The bile salt sodium deoxycholate is well known for its ability to dissolve mitochondrial membranes (Roodyn, 1962) and to solubilize the pneumococci. The inability of this steroidal salt to disrupt protoplasts in this study would appear to be due to insufficient concentration. The concentration of the salt used in menibrane disruption or solubilization is considerably higher than the 50 ,ug/ml used here.
Hemolysis of erythrocytes or protoplastic lysis is considered to be indicative of a compound's direct action on the organization and unity of the attacked membrane (Gale, Welch, and Hynes, 1962; Gilby and Few, 1960) . With the realization that spermine and other polyamines confer osmotic stability on bacterial protoplasts (Tabor, 1962 ), spermine's protective effect in preventing protoplast lysis by each lytic compound was measured. Figure 1 illustrates the action: of graded amounts of spermine on protoplasts prior to the addition of steroid 502. Spermine significantly protected the protoplasts from lysis.
For comparison, the protective effect of three polyamines, spermine, spermidine, and putrescine, is shown in Table 3 . Spermine was most protective, and spermidine was moderately protective. Putrescine had no protective action. Gilby and Few (1960) reported that protoplasts pretreated with uranyl nitrate were protected from lysis by numerous detergent compounds. A steroid very similar in structure and antimicrobial properties to 502 was reported to be competitively antagonized by uranyl nitrate, preventing the steroid from causing loss of yeast viability . The active compounds in this study were, therefore, examined for lytic action in the presence of uranyl nitrate. Table 4 summarizes the results of this study. It was difficult to accurately evaluate the protective effect of the uranium salt, since a 5 X 104 M concentration caused some agglutination of the protoplasts, a phenomenon that Gilby and Few (1960) also reported.
Generally, both polyamines and uranyl nitrate had to be added prior to the addition of the lytic agents to demonstrate protection of protoplasts. (Weibull, 1956 (Fig. 2) . Span 20 was not lytic, whereas Tween added shortly before the steroid. S. lutea from 1 to 10 ,ug/ml, and higher concentrations are lethal to 12 X 106 to 14 X 106 cells per milliliter.
DIscUSSION
The action shown by the lytic steroids studied resembles that of CPC. The mode of antimicrobial action of the latter compound has been known for several years (Hotchkiss, 1946) . As with most quaternary ammonium salts, direct damage to cell membranes has been considered to be a common mechanism of action of cationic surfactants. More recent cytological studies have shown new evidence of this fact (Gale, 1963) .
Polyamines, such as spermine, have been reported to have many diverse microbial effects. These range from bactericidal action (Razin and Rozansky, 1959) to nutritional effects (Socransky et al., 1964) . The action of spermine in protecting protoplasts against steroidal lysis has the character of direct membrane stabilization. This property of spermine is well known and has been reported in the stabilization of cells, protoplasts, mitochondrial membranes, nucleic acids, and ribosomes (Tabor, Tabor, and Rosenthal, 1961) . It is interesting that spermine, spermidine, and putrescine were protective in that decreasing order. This sequence corresponds to the decreasing molecular weight and chain length of each polyamine.
It is tempting to conclude that stabilization is dependent upon chain length and the ability of each charged end of the chain to attach to receptors at the proper distance. Such action would prevent the lytic compounds from positioning themselves on the cell surface. Harold (1964) indicated that the ability of spermine to protect protoplasts is due to interaction of the spermine with acidic groups located on the external surface of the plasma membrane. Putrescine could neutralize other sites that would aid in the lytic agent's attachment.
The role of Mg++ in protoplast stability was variable. However, this divalent cation can act in a manner similar to polyamines. Magnesium is believed to strengthen membranes composed of lipoprotein by forming salt linkages between neighboring carboxyl ions (Brown, 1964) . Magnesium strongly antagonized CPC but had primarily a temporary effect on steroids. The feeble role of EDTA in causing lysis or protecting against it indicates that removal of magnesium or essential membrane ions is no aid to steroid lysis.
Uranyl nitrate has been identified as a specific nonpenetrating glucose-transport inhibitor of yeasts (Rothstein and Larrabee, 1948) . Extensive research by Cirillo (1961a, b) has implicated a phospholipid in the mediation of sugar transport, which is inactivated by UO2+ only below pH 4.5.
The reason for pH dependency, according to Rothstein and Larrabee (1948) , was that as the pH increased above 4.5, UO2+ formed complexes with hydroxyl ions. Rogers (1964) demonstrated the pH effect on uranyl inhibition of glucose transport of Escherichia coli. He found evidence that a protein might be the carbohydrate carrier. The distribution of uranyl ion on the cell membrane can thus be influenced by pH, which will determine the sites to which the uranyl ion binds. In Gilby and Few's (1960) (Stalheim and Wilson, 1964) . Partial inactivation of steroids by emulsifiers suggests complex formation between the two types of substances (Smith et al., 1963b) .
A concentration of 50 jig/ml of each steroid caused a substantial drop in the viability of S. lutea. The death rates do not correspond directly to the degree or rate of lysis of protoplasts. The amount of each compound necessary to cause lysis was several times that which was required to inhibit cells of S. lutea. The inoculum used for measurements of the minimal inhibitory concentration was always less than 1 million cells per milliliter. The concentration of cells used for conversion to protoplasts ranged from 300 X 106 to 320 X 106 cells per milliliter. These large differences in cell densities would account for the differences between minimal inhibitory concentrations and the concentrations of each compound required for lysis. The rate of lethal action of each compound would also depend on cell numbers. The length of time required to cause lysis of protoplasts would appear to be due to the high density of the protoplasts, rather than being a true inherent delay in the action of the steroids. To confirm this hypothesis, studies are in progress to determine whether permeability damage to whole cells is related directly to cell viability and to the primary mechanism of the steroids' antimicrobial action.
